Detection and quantitation of benzo[a]pyrene-derived DNA adducts in mouse liver by liquid chromatography-tandem mass spectrometry: comparison with 32P-postlabeling.
The polycyclic aromatic hydrocarbon, benzo[a]pyrene (B[a]P) is a proven animal carcinogen that is potentially carcinogenic to humans. B[a]P is an ubiquitous environmental pollutant and is also present in tobacco smoke, coal tar, automobile exhaust emissions, and charred food. A liquid chromatography-tandem mass spectrometry (LC-MS/MS) method using electrospray ionization and selected reaction monitoring (SRM) has been developed for the detection of 10-(deoxyguanosin-N(2)-yl)-7,8,9-trihydroxy-7,8,9,10-tetrahydrobenzo[a]pyrene (B[a]PDE-N(2)dG) adducts formed in DNA following the metabolic activation of B[a]P to benzo[a]pyrene-7,8-dihydrodiol-9,10-epoxide (B[a]PDE). The method involves enzymatic digestion of the DNA sample to 2'-deoxynucleosides following the addition of a stable isotope internal standard, [(15)N(5)]B[a]PDE-N(2)dG, and then solid phase extraction to remove unmodified 2'-deoxynucleosides prior to analysis by LC-MS/MS SRM. The limit of detection of the method was 10 fmol (approximately 3 B[a]PDE-N(2)dG adducts per 10(8) 2'-deoxynucleosides) using 100 microg of calf thymus DNA as the matrix. Calf thymus DNA reacted with B[a]PDE in vitro and mouse liver DNA samples at different time points following dosing intraperitoneally with 50, 100, and 200 mg/kg B[a]P was analyzed. Three stereoisomers of the B[a]PDE-N(2)dG adduct were detected following the reaction of calf thymus DNA with B[a]PDE in vitro. The levels of B[a]PDE-N(2)dG DNA adducts in the mice livers were found to increase in a dose-dependent manner with adducts reaching maximal levels at 1-3 days and then gradually decreasing over time but still detectable after 28 days. A very good correlation (r = 0.962, p < 0.001) was observed between the results obtained for the mouse liver DNA samples using LC-MS/MS SRM as compared to those obtained using a (32)P-postlabeling method. However, the levels of adducts observed following (32)P-postlabeling using butanol enrichment were approximately 3.7-fold lower. The LC-MS/MS method allowed the more precise quantitation of DNA adduct levels that were structurally characterized, in addition to a reduction in the time taken to perform the analysis when compared with the (32)P-postlabeling method.